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Abstract—This paper presents a switched reluctance motor 
(SRM) torque ripple reduction strategy with deadbeat current 
control and active thermal management. In this method, the 
SRM torque is indirectly controlled by the phase current. A 
deadbeat current control method is used to improve the SRM 
phase current control accuracy, so that SRM torque control 
error can be reduced significantly. According to the online 
measurement of the power switching device temperature, the 
switching frequency will be reduced to prevent the SRM power 
converter from being damaged by over-temperature. The 
feasibility and effectiveness of the proposed strategy have been 
verified in both simulation and experimental studies. 
Index Terms—Switched reluctance motor (SRM), deadbeat 
control, torque ripple reduction, active thermal management. 
Ⅰ.  INTRODUCTION 
ver the last two decades, electric vehicles (EVs) and
hybrid electric vehicles (HEVs) have attracted increasing 
attention[1]-[3]. Permanent magnet (PM) motor is one of the 
most popular electric motors in applications of EVs/HEVs, but 
has potential issues for mass production due to the scarcity of 
rare-earth materials[4]. In addition, permanent magnet 
materials will suffer from magnetic deterioration under high 
temperature, vibration and overcurrent conditions, which will 
damage the motor seriously and affect the safe operation of 
EVs/HEVs.  
Switched reluctance motors (SRM) have attracted more and 
more attention for research and industrial applications, due to 
the advantages of rare-earth-free feature, high efficiency, 
robust structure, excellent fault tolerance operation, high 
starting torque for initial acceleration, and so on[5]–[8]. 
Consequently, SRMS have been considered as a promising 
candidate for EVs /HEVs applications. At present, SRMs have 
been used in some EVs/HEVs on the market, such as Holden's 
ECOmmodore and Xiamen Jinlong’s XMQ6125G hybrid city 
bus, etc. However, because of double-saliency structure of 
SRMs, high torque ripples and noise are the inherent issues 
caused by normal force fluctuations during phase current 
excitations[9]-[10], which limits SRMs in the EVs/HEVs 
applications with high performance requirements. Thus, SRM 
torque ripple reduction techniques are necessary for 
EVs/HEVs applications. At high speed range, the angle 
interval position of the conduction interval is the core factor 
for determining the SRM output performance. Therefor angle 
position control method is usually used to reduce torque ripple. 
To reduce torque ripple at low speed range, various schemes 
have been proposed in recent years[11]–[19], and direct 
instantaneous torque control (DITC) and torque-sharing 
function (TSF) are two common solutions. DITC has 
advantage of simple structure, but it requires complex 
switching rules for smoothing torque ripples during the 
commutation period[12]. 
TSF based torque ripple reduction methods have advantages 
of simple control structure and easy implementation[13]. 
Several TSF methods have been reported, such as linear, cubic, 
and exponential TSFs, and can be implemented offline or 
online. In [12], a nonlinear logical TSF for torque ripple 
reduction and efficiency enhancement is introduced. In [14] 
and [15], an iterative learning controller is proposed to add a 
compensation current to the current reference to reduce the 
torque ripple resulting from the nonlinearity of an SRM. In 
[16], turn-on angle of an adaptive TSF is adjusted with the 
speed in order to reduce torque ripple. In [19], the shape of 
proposed TSF is flexible, and not limited to a specific type. 
The objective function of the proposed TSFs directly 
combines the squares of the phase current and derivatives of 
current reference with a Tikhonov factor. 
Most of the TSFs mentioned above implement torque 
control by phase current control, which require accurate phase 
current controllers. Hysteresis current controller (HCC) is a 
simple way to track the nonlinear current reference. When 
implemented with micro-controller, it has a good control 
performance with high switching frequency. However, in the 
high-power applications, the switching frequency is limited by 
the comprehensive factors such as the switching power loss 
and reliability of the switch device. It is difficult to implement 
high performance current control under HCC with the limited 
switching frequency. 
Deadbeat control (DBC) methods have been used to track 
the torque and flux linkage of SRM[20]. In this paper, a novel 
deadbeat current control method integrated into the SRM 
phase current controller, which can improve the current 
control accuracy with a low switching frequency for 
high-power SRM drive systems. The deadbeat control method 
can predict the duty cycle of the switching signal for the next 
control period according to current error, and achieve an 
accurate current tracking. Thus, the method can reduce the 
SRM torque ripple for TSF based torque ripple reduction 
O 
methods. 
For the safety operation of EVs/HEVs systems, a reliable 
power converter for SRM drive systems is important. The 
thermal reliability of power converters is becoming more and 
more important with increasing the power capacity and 
switching frequency of power electronic device. At present, 
many insulated gate bipolar transistor (IGBT) modules have 
temperature feedback function. To take advantage of this 
function, some effective technologies have been proposed to 
avoid over-temperature failure of power converter, mainly 
following two methods: derating and switching frequency 
reduction. However, the derating methods will lead to 
insufficient power and even affect the safety of EVs/HEVs[21]. 
The switching frequency reduction method will reduce the 
current control performance, and cause the high torque ripple 
of SRM and affect the comfort of EVs/HEVs[22] with 
traditional control method. 
This paper proposed to use deadbeat current control method 
to improve the SRM phase current control accuracy under low 
switching frequency, therefore, switching frequency reduction 
can be used in the proposed active thermal management for 
power switching devices. The switching frequency can be 
adjusted according to the feedback temperature of IGBT 
module to prevent IGBTs from over-temperature failure, so 
the safety of EVs/HEVs can be improved. In order to validate 
the feasibility and effectiveness of the proposed control 
method, the simulation and experimental validations have 
carried out on a three-phase 12/8-pole 35 kW SRM. 
Ⅱ.  TORQUE SHARING FUNCTION CONTROL OF SWITCHED 
RELUCTANCE MOTOR WITH ACTIVE THERMAL MANAGEMENT 
Fig. 1 shows the block diagram of the proposed torque 
sharing function control of an SRM with active thermal 
management, which is mainly composed of an SRM, a power 
converter, an analog-to-digital converter (ADC), and a digital 
control system. The digital control system consists of a 
thermal controller and a TSF control module. The proposed 
active thermal management can be realized by the thermal 
controller, which can regulate switching frequency f according 
to converter temperature. In the drive system, the frequency of 
the digital control system and the ADC frequency are same as 
the switching frequency, so they change with the switching 
frequency. Each module of the block diagram will be 
described in detail below. 
iA
iB
iC
Encoder
θ 
UNTC
QA
QB
QC
SRM
Udc
Converter
Resistance 
detection 
circuit
t
RtNTCtj
Thermal controller
ADC
f
Tref
TSF
Iref(A)
Iref(B)
Iref(C)
Torque
-to-
current
Tref(A)
Tref(B)
Tref(C)
 
fcarrier wave=f
qA
qB
qC
Current 
controller
TSF control 
tNTC-to-tj 
f
fADC=f
f
ADC
U NTC
f
Digital control system
θ   
i Ai Bi C
tj-hysteresis
NTC 1
1 1
( )
25
B
R R e t t


Fig.1 Block diagram of torque sharing function control of switched reluctance motor with active thermal management 
A. The thermal controller 
Asymmetric half-bridge converters are commonly used for 
SRM drive systems, as shown in Fig. 2. In practical, 
commercial IGBT modules are often used for high-power 
SRM drive systems. In many of the high power IGBT modules 
such as Infineon’s EconnoDUALTM3 series, a negative 
thermal coefficient thermistor (commonly called NTC) is 
integrated in the package, as shown in Fig. 3, making it easy to 
measure the baseplate temperature in module. In this research, 
Infineon's IGBT module FF600R12ME4 is used to build the 
power converter for the SRM drive. Fig. 3 shows the structure 
of an IGBT module. For heat dissipation, a direct copper 
bonded (DCB) ceramic substrate is usually soldered to the 
baseplate, and the IGBT as well as diode silicon chips are then 
soldered to it. A NTC is also soldered to DCB. The 
instantaneous NTC-thermistor resistance value can be 
obtained by the resistance detection circuit, as shown in Fig. 1. 
Than the value can be used to obtain the instantaneous IGBT 
module temperature depending on the following equation[23]. 
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where tNTC is NTC temperature, R is the instantaneous 
resistance value of NTC-thermistor, R25 is the rated resistance 
value of NTC-thermistor at 298.15K (SI), B is a constant that 
can be obtained from the datasheet, t1=298.15K[24]. When the 
power converter works, the instantaneous NTC temperature 
tNTCcan be calculated by taking the instantaneous resistance 
value R of NTC-thermistor into the upper equation (1).  
IGBT junction temperature tj is an important parameter of 
the thermal controller. tj can be obtained from the tNTC to tj 
table, as shown in Fig. 1. Firstly, an off-line relationship table 
between water-cooled flow rate, ambient temperature, NTC 
temperature τNTC and IGBT junction temperature τj is 
established by experiment. Then, when electric vehicle runs, 
the junction temperature tj can be obtained accurately by 
looking up the off-line table, τNTC-to-τj talbe, according to the 
tNTC, water-cooled flow rate, ambient temperature. 
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Fig.2 Topology of an asymmetric half-bridge converter 
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The working principle of the proposed active thermal 
management is to reduce the power switching frequency when 
the power switching device temperature is high. It will adjust 
IGBT switching frequency according to the junction 
temperature tj, as shown in Fig. 4. In this way, the temperature 
of the power converter can be controlled within a safe range. 
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Fig.4 Power converter temperature active thermal 
management 
In Fig. 4, the temperature range can be divided into safe 
temperature zone, warning temperature zone and failure 
temperature zone. In safe temperature zone, a higher switching 
frequency is adopted to achieve high performance output of 
SRM. Whenever the temperature of the power converter 
reaches the over temperature warning value, the switching 
frequency is reduced to prevent the power converter from over 
temperature. Normally, the temperature will decline after the 
switching frequency decreases. When the temperature drops to 
the cooling recovery value, the switching frequency is 
restored.  
Vehicles are exposed to harsh environment and anything 
could happen throughout the life time so any other abnormal 
conditions should be considered as well to protect power 
converter from over temperature. For example, when the 
temperature reaches the over temperature warning value, 
fluctuating load condition may cause the temperature to 
continue to rise with low switching frequency. Additionally, 
cooling condition and any unexpected events may cause the 
temperature to exceed the over temperature protection value. 
In order to prevent from over temperature, the power 
converter is suspended at this time. 
B. TSF control module 
The SRM total output torque is composed of the sum of the 
torque generated by all phases at the same time. In order to 
produce a torque with low ripples, the total torque reference 
can be divided into individual phase torque references through 
TSF, as shown in equation (2). The torque reference of each 
phase can be obtained by equation (3). 
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M(M) ( )ref refT T f                  (3)  
where Tref is the total torque reference, Tref(M) is the torque 
reference for Mth phase; fM(θ) is the Mth phase TSF, frise(θ) is 
the rising TSF for the incoming phase, ffall(θ) is the decreasing 
TSF for the outgoing phase; θon, θoff, θoverlap and θp are turn-on 
angle, turn-off angle, overlapping angle, and rotor pole pitch, 
respectively. 
Linear and sinusoidal TSF methods are commonly used. 
The linear TSF has constant slope of torque in the 
commutation region. This method is simple, but it cannot 
reflect nonlinear torque production characteristics of SRM. 
Therefore, the torque ripple is increased around the beginning 
and end of commutation due to the higher nonlinear 
inductance slope. The sinusoidal TSF uses a sinusoidal curve 
during commutation, as shown in Fig. 5. This method is  
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Fig.5 Phase inductances, sine TSF and phase current reference 
curves 
similar to the non-linear inductance characteristics. Therefore, 
under this torque reference curve, the actual torque is easier to 
track the torque reference. Thus, the sinusoidal TSF is adopted 
in this paper. 
In TSF control module, the input total torque reference Tref 
is divided into individual torque references for each phase 
through TSF block with respect to rotor position. The separate 
torque references are converted to current references in the 
“Torque-to-current” block based on rotor position information. 
In traditional control method, a phase current controller HCC 
is used to track these current references. 
Ⅲ.  A DEADBEAT CONTROL METHOD 
For high-power applications, the power switching 
frequency is limited to reduce the switching power loss. In 
order to improve the SRM current control accuracy at low 
switching frequency conditions, a deadbeat current control 
method is proposed in this research.  
A. Working principle of deadbeat control method 
The deadbeat current control method is shown in Fig. 6. 
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Fig.6 The deadbeat current control method 
By neglecting mutual coupling phase, the phase voltage 
equation of an SRM can be given as 
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where U is the voltage applied to the phase winding, r is the 
resistance of the winding, i is the current of phase,Ψ is the 
linkage flux, θ is the rotor position and L is the phase 
inductance. 
In digital drive system, because switching period is very 
short, an assumption is made that phase inductance remains 
unchanged in a switching period. Thus, in the kth switching 
period, equation (4) can be expressed as 
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where Ts is the switching period. 
According to (5), when the freewheeling state is applied to 
the phase winding, the changing rate of the phase current A0 in 
the kth switching period can be expressed as 
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Because in this state, the phase current change slowly, A0 
can be assumed to remain constant over a switching period. 
When the phase voltage is bus voltage Udc or negative bus 
voltage -Udc, the voltage of r can be ignored. Thus, the 
changing rates of the phase current can be expressed as 
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where A1 and A2 are the changing rates of the phase current, 
when the phase voltage is Udc and -Udc, respectively. 
From equation (6) and equation (7), it can be concluded that 
the phase current varies linearly in a switching period 
regardless of whether the phase voltage is 0, -Udc or Udc. Thus, 
changing rate of the phase current can be calculated according 
to the current change in a switching period. 
The working principle of the deadbeat control method is 
shown in Fig. 7, where PWMak  indicates that the kth 
switching period of phase A electric cycle, similar with phase 
B and phase C. The following assumptions has been made for 
the design of the deadbeat control: 
1) The SRM’s three phases are identical. 
2) The SRM speed is constant in a continuous three electric 
cycle, because the acceleration of SRM is limited by its 
inertia. Therefore, in a continuous three electric cycle, the 
current changing rates of these switching periods with the 
same serial number is equal, expressed as equation (8) 
and equation (9). 
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where Aa0(k) and Aa1(k) is the current changing rates in 
the kth switching period of phase A electric cycle; Ab0(k) 
and Ab1(k) is the current changing rates in the kth 
switching period of phase B electric cycle; Ac0(k) and 
Ac1(k) is the current changing rates in the kth switching 
period of phase C electric cycle; A0(k) and A1(k) is the 
current changing rates in the kth switching period of the 
continuous three electric cycle. 
3) Turn-on angle and turn-off of each phase are the same in a 
continuous three electric cycle, respectively. 
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Fig.7 Control principle of deadbeat control method 
Based on the above assumptions, online measured SRM 
running parameters of previous two phases can be used for the 
phase current control, and predict the required duty cycle of 
pulse width modulation (PWM) for the next switching period 
accurately.  
When SRM starts, the duty cycles of the initial first two 
conducting phases cannot be predicted under DBC method 
because of the lack of previous two phases running parameters. 
In order to make the SRM start normally, the duty cycles of 
the initial first two conducting phases are set to the optimal 
value obtained by simulation. Then, the duty cycles can be 
predicted under DBC method from the next conducting phase. 
Thus, SRM can start smoothly. 
In order to illustrate the DBC method, assume that SRM is 
being in the phase C conduction region. Thus, phase A and B 
have been excited, and the parameters of phase A and B have 
been known. These parameters include switching frequency f, 
duty cycle q, current variation △i and switching state E for 
each switching period. The switching state of “1” indicates 
that the magnetizing state or freewheeling state is in the 
switching period. The switching state of “-1” indicates that the 
demagnetizing state is in the switching period. 
To predict the required duty cycle for the next switching 
period of phase C under DBC method, equation (10) and 
equation (11) are obtained using the above parameters. Then 
the equations (10) and (11) are combined and solved to obtain 
the changing rates of phase current A0(k+1) and A1(k+1).  
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where qA(k+1), △iA(k+1) and EA(k+1) are duty cycle, current 
variation and switching state in the 
1PWM
a
k
 of phase A 
electric cycle, respectively. qB(k+1), △iB(k+1) and EB(k+1) are 
duty cycle, current variation and switching state in the 
1PWM
b
k
of phase B electric cycle, respectively. 
For example, when EA(k+1)=1 and EB(k+1)=-1, the 
△iA(k+1) in equation (10) is equal to the above polynomial, 
and △iB(k+1) in equation (11) is equal to the below 
polynomial. Then a binary linear equation group is obtained 
by combining equations (10) and (11), expressed as equation 
(12). The changing rates of phase current A0(k+1) and A1(k+1) 
are obtained by solving equation (12). 
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(12) 
Then, the phase C switching state EC(k+1) can be calculated 
using equation (13). The duty cycle qC(k+1) of the next 
switching period is obtained using equation (14).  
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Finally, the parameters in this switching period of phase C 
are recorded for the next phase duty cycle prediction. As an 
example, the DBC method is illustrated in phase C. The duty 
cycle prediction in other phase is in the same way as phase C. 
B. Digital realization of the deadbeat control method 
Taking the phase C current control as an example, the 
digital implementation of the proposed deadbeat control 
method is explained.  
Firstly, the conducting phase is decided according to the 
position feedback of SRM. 
Secondly, duty cycle, current variation and switching state 
in the (k+1)th switching period have been recorded for 
previous phase A and phase B current control. According to 
the values of EA(k+1) and EB(k+1), there are four 
combinatorial states: (1,1), (1,-1), (-1,1) and (-1,-1). 
According to these combinatorial states, the changing rates of 
phase C current are achieved with equations in table Ⅰ. 
Then, the switching state EC(k+1) in the next switching 
period can be calculated with equation (13). According to the 
switching state EC(k+1), the duty cycle qC(k+1) of the next 
switching period is obtained with equations in table Ⅰ. 
Finally, the duty cycle qC(k+1) is converted to gate drive 
signal QC for the power convertor.  
The flow chart of the deadbeat control method is shown in 
Fig. 8, and these equations used in the flow chart are shown in 
the table Ⅰ. 
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Ⅳ.  SIMULATION VERIFICATION 
To verify that the proposed control method can improve the 
comfort and safety of the high-power digital SRM drive 
system in EVs/HEVs applications, the proposed TSF based 
torque ripple reduction algorithm for an SRM drive system is 
implemented in MATLAB/SIMULINK.  
The simulation parameters of the SRM are the same as the 
SRM parameters of the experimental platform, as shown in 
table Ⅱ. A three-phase asymmetric half bridge power 
converter as shown in Fig. 2 is used. 
TABLE Ⅱ  
SRM AND DRAG MOTOR PARAMETERS 
Parameters 
Value for 
the 12/8 
SRM 
 Value for the 
tow permanent 
magnet motor 
Phase number 3 3 
Rated power Pe/kW 35 50 
Maximum power Pe/kW 60 100 
Rated voltage Ue/V 336 336 
Rated current Ie/A 115 140 
Rated speed ne(rpm) 2000 1500 
Stator/rotor poles 12/8 / 
Type of cooling Air 
cooling 
Water 
cooling 
In the simulations, the total torque reference is set as 60Nm. 
The SRM drive system works at two switching frequencies for 
active thermal management, 9.6 kHz and 4.8 kHz. The upper 
threshold frequency is selected according to the optimal 
efficiency and power of the switched reluctance motor. The 
lower threshold frequency is the lowest switching frequency 
that the proposed current controller can produce a similar 
current control performance as the traditional control method. 
One of these two switching frequencies is adopted depending 
on the power converter temperature. In the simulation results, 
ia and UA are phase current and phase voltage of phase A. T 
and Tavg are total instantaneous output torque and total average 
output torque. The torque ripple is defined as 
m avg
avg
rip
T T
T
T

                    (15) 
where Tm is the peak torque. 
Fig. 9 shows the simulation waveforms of phase current, 
phase voltage, total instantaneous output torque and total 
average output torque at 500rpm with switching frequency of 
9.6 kHz. 
The excitation phase is decided, 
taking phase C as an example
Input known parameters of the two conducting 
phase before phase C: EA(k+1)、qA(k+1)、
ΔiA(k+1)、EB(k+1)、qB(k+1)、ΔiB(k+1)、
EA(k+1)=1
Y
EB(k+1)=1
N
EB(k+1)=1
N
Y
N
 A1(k+1) and A0(k+1)  are obtained 
based on equations (8) and (9) 
Input ic at current moment and 
Iref(k+1) of the next control period
Y
 qC(k+1) of the next 
control period is obtained
N
 qC(k+1) is converted to gate driving signal Q
EC(k+1)=1
in table Ⅰ
0A ( 1)( 1)ref c
k
I k i
f

  
Record EC(k+1)、qC(k+1)、ΔiC(k+1)
Inputθ、θon、θoff、θoverlap
Y
Start
Setting the duty cycle of the initial 
first two phase to start SRM 
State (1,1) 
in table Ⅰ 
State (1,-1) 
in table Ⅰ 
State (-1,1) 
in table Ⅰ 
State (-1,-1) 
in table Ⅰ 
EC(k+1)=-1
in table Ⅰ
Fig.8 The flow chart of the digital implementation of the 
deadbeat control method 
Fig. 9(a) is the simulation results without the proposed 
deadbeat current control, and the torque ripple is 25.2%. Fig. 
9(b) is the simulation results with the proposed deadbeat 
current control method for TSF, and the torque ripple is 
reduced to 12% because of accurate current tracking. 
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(a) TSF control without deadbeat current control 
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(b) The deadbeat control method for TSF  
Fig.9 Simulation results for low-speed and normal switching 
frequency operation (n=500 rpm, f=9.6 kHz) 
Fig. 10 shows the simulation results at a higher motor speed 
of 2000rpm. Similar conclusion as Fig. 9 can be obtained. 
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(a) TSF control without deadbeat current control 
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(b) The deadbeat control method for TSF 
Fig.10 Simulation results for rated speed and normal switching 
frequency operation (n=2000 rpm, f=9.6 kHz) 
Fig. 11(a) and Fig. 11(b) show the simulation results of 
switching frequency of 4.8 kHz at 500 rpm and 2000 rpm, 
respectively. 
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(a) Simulation results for low-speed (n=500 rpm) 
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(b) Simulation results for rated speed (n=2000 rpm) 
Fig.11 Simulation results for low switching frequency 
operation (f=4.8 kHz) 
As shown in Fig. 11(a), the torque ripple is 25%. As shown 
in Fig. 11(b), the torque ripple is 77.5%. It can be concluded 
that the proposed deadbeat current control based TSF method 
can reduce SRM torque ripple, even if at low switching 
frequency. Therefore, the switching frequency can be reduced 
for active thermal management with little negative impact for 
the current and torque control performance.  
As shown in Fig. 12(a), assuming the IGBT module is over 
temperature at t1, and the switching frequency is reduced to 
4.8 kHz from 9.6 kHz at 500rpm. As shown in Fig. 12(b), 
assuming the temperature of the IGBT module returns to 
normal at t2, and the switching frequency rises to 9.6 kHz from 
4.8 kHz. 
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(a) Simulation results for frequency reduction 
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(b) Simulation results for frequency reduction 
Fig.12 Simulation results for transition period of switching 
frequencies 
From Fig. 12(a) and Fig. 12(b), it can be found that the 
torque and current can be controlled smoothly during the 
transition period of switching frequencies.     
Ⅴ.  EXPERIMENTAL RESULT 
In order to validate the feasibility and effectiveness of the 
proposed control method experimentally, an experimental 
system has been setup with the SRM parameters as shown in 
table II.   
The experimental system is shown in Fig. 13. The proposed 
control methods are implemented in a Texas Instruments 
(TI)’s TMS320F28335DSP control board, and the current and 
voltage are observed using current clamp 700924 and voltage 
clamp 701930 of YOKOGAWA, respectively. The torque of 
SRM output is measured by torque meter JN338 from Beijing 
three crystal Joint Technology company with sampling 
frequency of 5 kHz-15 kHz. The real-time torque of SRM 
output can be sampled online. The instantaneous torque 
waveforms of SRM are shown by the recorder DL850 from 
YOKOGAWA combined with the frequency acquisition 
module 701281. The tow motor is operated in constant speed 
mode during the experiment.  
Controller
SRM
permanent 
magnet motor
Torquemeter
Voltage clamp
Current clamp
Oscilloscope
Recorder
 
Fig.13 Experimental setup 
In the experiment, the parameters such as turn-on angle, 
turn-off angle, overlapping angle were optimized, and the 
results of torque tracking at different speeds were obtained. 
The threshold frequencies are consistent with simulation 
model. At speed of 500 rpm, the experimental waveforms are 
shown in Fig. 14 with switching frequency being set to 9.6 
kHz. 
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(a) TSF control without deadbeat current control 
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(b) The deadbeat control method for TSF  
Fig.14 Experimental results for low-speed and normal 
switching frequency operation (n=500 rpm, f=9.6 kHz) 
In Fig. 14(a), the traditional TSF control method is applied, 
and the torque ripple is 25.2%. In Fig. 14(b), the deadbeat 
control method for TSF is applied, and the torque ripple is 
12%. It shows that the proposed method can reduce the torque 
ripple of SRM significantly and improve the comfort of 
EVs/HEVs at low speed. 
In the same way, in order to prove that the proposed method 
can obviously reduce the torque ripple of SRM at rated speed, 
experimental results are shown in Fig. 15 at 2000 rpm with 
switching frequency being set to 9.6 kHz. 
 
(a) TSF control without deadbeat current control 
 
(b) The deadbeat control method for TSF 
Fig.15 Experimental results for rated-speed and normal 
switching frequency operation (n=2000 rpm, f=9.6 kHz) 
Fig. 15(a), the traditional TSF control method is applied, 
and the torque ripple is 57.5%. In Fig. 15(b), the deadbeat 
control method for TSF is applied, and the torque ripple is 
reduced to 42.5%. Thus, it validated that the proposed method 
can reduce the torque ripple of SRM and improve the comfort 
of EVs/HEVs at rated speed. 
Fig. 16(a) and Fig. 16(b) show the experimental results of 
the proposed current controller with the switching frequency 
reduced to 4.8kHz at 500 rpm and 2000 rpm, respectively. 
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(a) Experimental results for low-speed (n=500 rpm) 
 
(b) Experimental results for rated-speed (n=2000 rpm) 
Fig.16 Experimental results for low switching frequency 
operation (f=4.8 kHz) 
As shown in Fig.16(a), the torque ripple is 22.2%. As 
shown in Fig.16(b), the torque ripple is 57%. It shows that the 
proposed method can still reduce torque ripple compared with 
traditional TSF, even if the switching frequency is reduced to 
half of the normal operation.  
The comparison of simulation and experiment results is 
shown in table Ⅲ. The torque waveforms shown in the 
experimental results have slight difference to the simulation 
results. It is because of the sampling frequency limitation of 
torque sensors, and the high frequency components of the 
torque ripples can’t be measured in experiments.  
TABLE Ⅲ  
COMPARISON OF SIMULATION AND EXPERIMENT RESULTS 
 n(rpm) f(kHz) 
Control 
method 
Ripple(%) 
Simulation 
results  
500 
9.6 
Without 
DBC 
25.2 
DBC 12 
4.8 DBC 25 
2000 
9.6 
Without 
DBC 
87 
DBC 52.5 
4.8 DBC 77.5 
Experiment 
results 
500 
9.6 
Without 
DBC 
25.2 
DBC 12 
4.8 DBC 22.2 
2000 
9.6 
Without 
DBC 
57.5 
DBC 42.5 
4.8 DBC 57 
Fig. 17 shows the experimental results of torque ripple at 
rated and low speeds. From the figure, it can be found that 
proposed method can reduce the torque ripple of SRM 
significantly at rated and low speeds, even if at low switching 
frequency. Therefore, the switching frequency can be reduced 
with the proposed deadbeat current control without sacrificing 
the SRM control performance, which lead to that the lifetime 
of IGBT module can be prolonged, and switching loss can be 
reduced. 
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Fig.17 Experimental results of torque ripple at rated and low 
speeds 
As shown in Fig. 18(a), in order to reduce the temperature 
of the power converter at t'1, the switching frequency is 
reduced to 4.8 kHz from 9.6 kHz at 500rpm. As shown in Fig. 
18(b), when the temperature of the IGBT module is relatively 
low, the output performance of SRM can be improved by 
rising the switching frequency to 9.6kHz from 4.8kHz. 
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(a) Experimental results for frequency reduction 
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(b) Experimental results for frequency recovery 
Fig.18 Experimental results for transition period of switching 
frequencies 
From Fig. 18(a) and Fig. 18(b), it can be found that the 
torque ripple will not mutate at the moment of the switching 
frequency conversion, and the SRM can achieve smooth 
frequency transition. 
At speed of 500 rpm, the experimental waveforms of active 
thermal management are shown in Fig. 19. In Fig. 19(a), the 
total torque reference is set as 60Nm, and the switching 
frequency is reduced to 4.8 kHz from 9.6 kHz at t'3. In Fig. 
19(b), the total torque reference is set as 80Nm, and the 
switching frequency is reduced to 4.8 kHz from 9.6 kHz at t'4.  
 
(a) Experimental results with torque reference being set 
as 60Nm 
 
(b) Experimental results with torque reference being set 
as 80Nm 
Fig.19 Experimental results for active thermal management 
The specific temperature values of the experimental results 
are shown in table Ⅳ. These specific temperature values 
include the average temperature τjavg, the maximum 
temperature τjmax and the minimum temperature τjmin under 
steady state of temperature corresponding to different 
switching frequency. Additionally, the time required for the 
transition of temperature from one steady state to another is 
also included. 
TABLE Ⅳ 
EXPERIMNTAL RESULTS FOR ACTIVE THERMAL MANAGEMENT 
 
Time of 
the 
transition 
(s) 
f(kHz) τjavg(℃) τjmax(℃) τjmin(℃) 
60Nm 565 
9.6 59 64.5 52.8 
4.8 45.2 53.4 36.9 
80Nm 591 
9.6 65 70.7 58.6 
4.8 51.7 61 43 
From Fig. 19 and table Ⅳ, it can be found the steady state 
temperature of the power converter at 80Nm torque reference 
with the switching frequency of 4.8 kHz is lower than that at 
60Nm with 9.6 kHz switching frequency. Therefore, the 
power converter can be protected from over-temperature 
failure by reducing the switching frequency, when the output 
torque of the SRM needs to be increased under some operating 
conditions, such as sudden increase of the EVs/HEVs load and 
climbing section. 
Ⅵ.  CONCLUSION 
This paper presented a switched reluctance motor control 
strategy with torque ripple reduction and active thermal 
management. The working principle and digital realization of 
the proposed method have been introduced in detail. 
Additionally, the simulation results and experimental results 
are presented. It can be concluded that the proposed method 
can protect IGBT module from over-temperature failure by 
reducing the switching frequency and thus the safety of 
EVs/HEVs can be improved. Additionally, the proposed 
deadbeat current control method can improve the SRM current 
control accuracy, so that SRM torque control error can be 
reduced significantly.  
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